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The linear eigenvalue problem resulting from the free vibrations of
an n-deg of freedom system is in the form

[K] {2} = o [M.] {x}
where [K] is the stiffness matrix, [M,] the mass matrix, and o the
natural frequency. By suitable transformation this problem is reduced
to the standard form
A{x}=r{x}
and by successive rotations (Jacobi’s method) [A] is diagonalized to
yield the eigenvalues (squares of the natural frequencies) and the

ssociated eigenvectors (the natural modes of vibrations).

et TAmTAL VULV S nag

A digital computer program was developed to give the eigenvalues

and the eigenvectors of the original problem. I yrwaol

I. INTRODUCTION

This work was initiated to compute the natural fre-  matrices used for “debugging” the program were obtained
quencies and the associated modes of the Dynamic Model ~ from a computer program which was based on the pre-
of the Advanced Antenna System for the JPL/NASA Deep  liminary studies of Blaw-Knox for the Advanced Antenna
Space Instrumentation Facility. The stiffness and mass  System. This latter program is given in Appendix A.
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Il. FORMULATION OF THE PROBLEM

The dynamic equilibrium equations (d’Alembert equa-  If the eigenvectors are normalized
tions) of a discrete structure are of th.e: form (X (X))} = 8 (8)
[K] (X} = — [M.] {X} (1) holds, and it follows that
where [K] is the stiffness matrix, [Ma] the mass matrix, [M]T = [M]‘1 9)

and {X} the displacement vector. If the structure under-
goes free vibration, it can be written

(X} = {x} sin ot (2) or

Substituting {X} from Eq. (2) into Eq. (1) yields the [A] = [M] [DP] [M]” (11)
linear eigenvalue problem

Using Eq. (9), Eq. (7) can be written as
[D] = [M] [A] [M] (10)

Equation (10) implies that [A] can be diagonalized by
[K] {x} = »* [Md] {x} (3)  pre- and post-multiplying it by [¢;]” and [t:], respec-
tively, where [t.] satisfies Eq. (9), as follows:
To solve the above eigenvalue problem numerically, r r r r
an iteration method can be applied. In this work, itera- [tn]" [tna]7 - [t:]7 [8]
tion with successive rotations is chosen because (a) both [A] [t] [t] - [Ew-2]" [tm] (12)
[K] and [M,] are real symmetric matrices, (b) [K]

When [A] is completely diagonalized, then
is positive definite, and (c) all eigenvalues and eigen-

vectors are computed with the same degree of accuracy, [M]7 = [tn]" [tma]" - [t]" [B]7 (13)
in contrast to Stodola’s iteration in which the eigenvalues [M] = [6] [t:] - [tns] [fn] (14)
are computed one at a time with descending degree of

accuracy. It can be shown that a,, (where p 55 q) can be made

zero by selecting
A. Diagonalization with Successive Rotations®

o.|.....ﬂ
1

The eigenvalue problem associated with a real positive 0

definite symmetric matrix [A] is: c -

1 § P
[A] {=} = A {x} (4) [t:] = _ (15)
Let Ay, As, Agy oe. e , An be the eigenvalues and {Xl} ,{Xg}, s 1 c B
{Xz}, ....... , {X,,} be the associated eigenvectors, Defin- . 1 . q
ing [D] and [M] as L0.0 l A N |
PN (] 0 i~ -]
0 A, 0 A A T A
[P]=|. : o M) = (X)) (X)) (X} {Xa}| > (5, 6)
0 . v v v A R Y |
it can be written
where
[A] [M] = [M] [DP] (7) $=sin 6 (16)
1See Ref. 1. ¢ = cosf (17) '
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__.20"; (18)
Gpp — 8qq

An iterative scheme using [#;] in the form of Eq. (13)
can be established to nullify all the off-diagonal elements
of [A]. This iteration will converge if [A] is a positive
definite matrix.

tan 20 =

B. Reduction of Eq.(3) to Eq. (4)

In order to solve the eigenvalue problem resulting
from the Dynamic Analysis of a discrete structure by
successive rotations, Eq. (3) must be reduced to the
standard form of Eq. (4). This can be done as follows:

Define

1/w;2 = A (19)
and
[\, 0 0 |
0 A,
[p]={ " : (20)
0 . . . . . . A

Then Eq. (3) can be written

[M.] [M] = [K] [M] [D] (21)

where [M] is defined in Eq. (6). Since [K] is positive
definite it can be written

[K] = [m] [4] [m]" (2)

which makes possible the definition
[K}* = [m] [4]* [m]" (23)
[K]™ = [m] [d]™* [m]" (24)

Then Eq. (21) can be rewritten
[M.] [K]™ [K]* [M] = [K]* [K]* [M] [125)

or

[K]™ [M.] [K]™ [K]* [M] = [K]*[M] [D]
(26)

Defining
[M.] = [K]™* [M.] [K]* (27)
and
[¥] = [K]* [M] (28)
then Eq. (3) reduces to the standard form
[®.] [¥] = [¥] [D] (29)

As shown above, the procedure requires the determination
of the eigenvalues and associated eigenvectors of [K].
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lll. FORMULATION OF NUMERICAL SOLUTION

A Fortran program for the IBM 7090 was developed  Since all operations are limited to the rapid access mem-
to reduce Eq. (3) to Eq. (29). This program calls a ory of a 32K machine, the stiffness and mass matrices
SHARE subroutine to perform the diagonalization _bY can be as large as square matrices of order 50. The flow
successive rotations for obtaining [m] and [d], [M]  chart for the program is given in Fig. 1. Appendix B lists
and [D] associated with [K] and [2\7,,], respectively.  programs and instructions.

|
ENTER

rREAD IN [M_JAND [K] MATRICES }:

A

CALLING SUBROUTINE EIGVV, COMPUTE [m] AND [d] OF x]
8Y SUCCESSIVE ROTATIONS

) 4
[ esTABLISH [d]/2 AND [d]~V/2 I

\ 4
ESTABLISH[M ] FROM

[ﬂ,]-[m]E]"/’[m]Tlfﬂ,]["i o2

4
CALLING SUBROUTINE EIGVV COMPUTE [M] AND [0} or[ﬁc] BY
SUCCESSIVE ROTATIONS

v

COMPUTE [M] OF ORIGINAL PROBLEM FROM

M - R % W)

[ COMPUTE :.:| rRom[D] |

A

rPRlN‘I‘ A, :.,, AND M] ]

1S THIS LAST sn‘:x M JaND[K] ?
L anolel 7]

Fig. 1. Flow chart of the eigenvalue problem

Y




[4]

ap.q

[P]
[4]
[4]*% [4]™*

[1]
[K]

[K]* [K]™*
[M]
[M.]

NOMENCLATURE

A real symmetric matrix

Element of [A] on p' row and ¢
column

Element of rotation matrix [t;] which is
on p* and q'* diagonal locations

Diagonal matrix established by the eigen-
values of [A]

Diagonal matrix established by the eigen-
values of [K]

Matrices satisfying [d]* [d]* = [d];
[4]* [d]7* = [d]™* [4]* = [1]
Identity matrix

Stiftness matrix which is real symmetric
and positive definite

Matrices satisfying [K]* [K]* = [K];

[K]* [K]™ = [K]™ [K]* = [I]

[M]

[M.]
[m]

[t]
(x)
(X)
(%)

(x:}

Modal matrix established by the normal-

ized eigenvectors of [A] A

Mass matrix which is real and symmetric o
REFERENCES
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Modal matrix established by the normal-
ized eigenvectors [E]
Modified symmetric mass matrix

Modal matrix established by the normal-
ized eigenvectors of [K]

Absolute value of non-zero off-diagonal
entries of rotation matrix [t;]

Continuous time variable

Rotation matrix used to nullify a,, ele-
ment of [A]

Displacement vector of the discrete
structure

Acceleration vector of the discrete
structure

Amplitudes of displacements (and ac-
celerations) of harmonic motion

i*" eigenvector

Kronecker delta (8;; = 0 if i 544, &;; =
1if i =9§)

it" eigenvalue

Natural frequency
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APPENDIX A

Fortran Program for Obtaining the Matrices

In its actual form, the Advanced Antenna System in-
volves a discrete structure of multi-thousand deg of
freedom. To solve the associated eigenvalue problem of
this structure is too difficult a job to handle with present-
day computers. Moreover, the design of the Servo System
of the Advanced Antenna requires comparatively few
eigenvalues and associated eigenvectors. Therefore the
structure is idealized to a 33-deg of freedom structure
(Ref.2). The governing equations of this dynamic model
are obtained by Blaw-Knox by means of a special method
(Ref. 3). These equations are given in Ref. (4). The fol-
lowing IBM 7090 Fortran program merely generates the
stiffness and mass matrices of the Blaw-Knox equations.
The resulting matrices are sketched in Figs. A-1 and A-2.
The symbols used in Ref. (4) and the corresponding
symbols used in the Fortran program are listed in Fig. A-3.
The input for generating both matrices is given in
Ref. (2).

—
X X X XXX s o o o 6 o o o o a2 s s s 0 o 0 X X X x X
X XX XXX e = ¢ 0 s 0o 0 0 0 0 0 2 ¢+ 0 0 o @ x XX X X
X X X KX X = ¢ o o s 0 ¢ ¢ o s 0 5 s s s o0 X X X x X
. XX XXX e o ¢ o o 2 o 8 s 06 0 8 0 2 8 0 x X X x X
XX XX XX o a 6 s ¢ 0 o 0 8 0 0 0 5 0 8 s » X X X XX
KX XX XX * * ¢ o ¢ o 0 0 4 a o 85 ¢ ¢ s 0 X X X x X
K XXX XXX = ¢ o s s 0 o 6 8 o 0 0 8 s o 8 ¢ 0 KX s s o o
X XXX XX } S B L X X X XX X x XX XXX X
XX XXXX < * X o ¢ o ¢ o XXX+ XXX XX ¢ o o o o
--------- XXX XXXX = XXX ¢ o o 0 0 0 ¢ 0 ¢ 8
......... XX XXXXXXX *+ XXX * oo ¢ 0 0 6 0 0 0 o
......... XX XXXXXXX * XXX o o 2 2 ¢ ¢ o s 0 0
--------- XXX+ » XXX ¢ XXX® ® o o ¢ o c s o o 0
...... e e XX R X e XRKK XXX e s s a0
--------- XXX o ¢ XXXX ¢ XXX * © s o ¢ ¢ 2 0 o 0
"""" KX XXXXXXXXXXXXXX XXX o0 o o s 0
"""" X XXXXXXXXXXXXXXXXXX 6 o o o o o0
""""" XX XXXXXXXXXXXXXXXXX e ¢ o o o0 o
--------------- XX XXXXX > a s o ¢ 0 6 0 s o o
----- XX XX XXXXXXXXXXXXXXX* » o o 00
"""" XXXXXXXXXXXXXXXXXXX * * ¢ ¢ o o o
"""" XXXXXXXXXXXXXXXXXXX* ¢ o ¢ = o0
............... XX » XXXX o o ¢ ¢ 6 s 06 0 0 o
------- X e o ¢ s 2 0 o XXX XX X *» X X = o o ¢ o 2
............... X X X X X X XX o s 8 s 0 ¢ @
....... Koo o s o o 0 o XXX X X X XXX ¢ o ¢ o & a o
XXX XXXXXX s ¢ o o2 o 2 s 00 ¢ 000 0 00 X X XX XX X
XXX X XX XXX e o a o a o o 06 v ¢ 0 8 ¢ 0 0+ X XXX XXX
KA X XXX ¢ X o o o 5 5 6 5 o v 5 8 6 3 8 0 o o o X X X X X X X
....... X * » o o o ¢ o o s e s s 8 0 0o 08 s XXXX X
.......................... X X X X X
X XXX XX b B T S S T R N K KX XX
Exxxxx .............. $ 6 e o 0 x x X X X
-l

Fig. A-1. Mass matrix of Blaw-Knox dynamic model
given in Ref. 2

The input of the program should be compatible with
the Fortran statements:

READ INPUT TAPE 5, 10, All1K, A22K, A33K,
A44K, A55K, A66K, Cl1K, C22K, C33K, CI12K,
1C44K, C55K, C66K, C45K, C34K, C35K, E22K,
E33K, E23K, E55K, E66K, E56K, E25K, E26K,
9E35K, E36K, G22K, G33K, G23K, G25K, G26K,
G35K, G36K, G55K, G66K, G56K, D22K, D33K,
3D44K, D55K, D34K, Q66K, R55K, CMK, B1IK,
B22K, B33K, B55K, B66K, ZK, A4], A5), A6], 4B4],
B5J, B8], C4], C5], C6J, D4j, D5], D6], E4J, E5J,
E6], G4], G5], G6J, AM, BM, CM, DM, 5EM, GM,
P, AL, BL, PL, QL, RL, (SKA(I), I=1, 5),
(ELA(I), I = 1, 5)

READ INPUT TAPE 5, 14, T

10 FORMAT (6E12.4)
14 FORMAT (F2.0)

o X o o 2 o o o s 2 8 s 5 8 & 6 6 6 @ 6 8 4 28 s s 2 e e s o e a s
« X o X = X X ¢ o o 2 o o o 06 2 s o o o s o o o o o X X X X
¢ X o s o e s 5 s s a s @ 8 8 8 s 8 e e s s s s s s e o & s 0
© X e o e a s s & e s 4 s s s s 8 0 6 s s 8 st e 8 s e e s e
x X o X X+ s e e e 8 s s s 0 s 0 s s s s s e @ X X X X
...... X * 5 s & 4 o 6 6 o 2 8 0 8 0 86 2 6 8 s s 8 s s e e s
x X o X o o ¢ o0 x X e o 46 0 a s a2 o s e o 2 0 o s
x X o s Xo o o o x x * X - XX x ¢« XX
--------- X & o ¢ o o a 2 s s s 6 e 0 0 s s e s s e s s e
.......... X o o ¢ @ o 5 5 & 8 8 0 ¢ o 0 4 2 s 8 a s s .
----------- K oeorosa e X X o ¢ o o ¢ 6 o a s o o
............ X e o o o o ) o o o 0 s o s o s s 8 v s
....... X o ¢ o o & X o 2 ¢ 0 s s s s s X s o0 s o 2 X
-------- X o o o s o X s s s s s s e o s X e s e e X
............... H e o o 0 6 2 s o 0 e o s 0 8 0 s
................ X o ¢ o & ¢ o o s o o s s s o s
....... X X X e s o 0 o X X o o x X X
............ X o o o s o X o s 06 s 8 8 0 0 8 0 0 5 8 »
................... Ko o0 06 0 06 06 60 8 06 0
oooooooooooooooooooo X e o o s ¢ 0o s ¢ a s o »
........ x X e s o o x X o x x X
...................... Ko o s « s 0 0 0 o o
............. K o o 2 o o o o s s X o 2 o o o X
-------- K s o s 2 o X o 2 o & o & 8 2 o X a o o o o N
........ X e o 2 o s s s o N x « X o o X X
.......................... X o o o o o
.......................... X = » &2 o @
. % x X o ¢ 2 o ¢ s 4 6 o 06 0 0 & 8 2 s o & o x . X .
L R ] x x X o X * X T x e
. X e x R oo o o o o x x e X e s XX * X X .
« X x P I T I e S I N I I X AHKRR
-------------------------------- X
h -

Fig. A-2. Stiffness matrix of Blaw-Knox dynamic model
given in Ref. 2
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The program does not require any tapes or sense switch The 33-deg of freedom system is reduced to a 32-deg
settings. The output of this program is the listings of the  of freedom system by deleting the 29th row and column
mass and stiffness matrices and the BCD punched cards  in this program, since information about the 29th entry
which contain the upper halves of the matrices. These  of the eigenvectors is known from the input given in

cards are compatible with the Eigenvalue program.

Ref. (2). A program listing follows:

M | Pal lax |, DK kz‘__ G25K kGA
wsy | Pa| fax | S, DS5K Ko G26K kS,
ry | P fax |G, DM n G33K WS,
ANk | i cak | £ W GasK kS
ax | K, cuk | kG, ES) o G36K WS,
ak | K, cask | kG E& I G5K kS
x| W c | S, E2K Ky G56K kS,
assk | Wy csk | xS E23K K GésK kS,
pesk | 5 ek | kG E25K Ko Gl e
AL N cek | 1S, E2%K kg GM n®
M| et cLk Kt E33K Koy P v
) | B [om mC E35K K P .
s | Bl [omx | WM E3%K "gs AL 1,
s | Pl |ce wosd | | EBK kg_— QesK S,
Bk | i3 cs coso | | ES6K ke L q
2K | Ky cr cos® | | E86K I:E‘ RS5K ks
BRK | K3 D4 L EL Ig RL e
BSSK | Ky D5 5 EM m s o
Besk | KB, D& L G4 Cwl |« kS
BL 1 p22K | K, G5l L@l | sin$
BM nd DK [ kD, GaJ L@ |ss sing
cs | L@l |osx k‘;—_ G2k kg ST sin6
ey | e G23K kg T 8
cs | L@ zK K&

Fig. A-3. Symbols used in the Program generating mass

and stiffness matrices of the Blaw-Knox dynamic

model and their counterparts in Ref. 4
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A% ok ko

100

110

120
121

122

125

JEE,JOO7000901113330 D ALEMBERT EQSe BARONDESS-UTKU
X

LABEL

LISTS

BLAW=-KNOX DYNAMIC MODEL MASS AND STIFFNESS MATRICES

DIMENSION A(33+33)sB(33933)9SKA(S)+ELAIS)TTI(S)

READ INPUT TAPE 59109A11K9A22KsA33KsA44K+AS55KsA66K9C11K9C22K9C33K,
1C12K s C44K 9C55K o CHOK 9C45K 9C34K 9 C35KsE22K9E33KIE23KIESSKIECEKIESEK S
2E2EK 9sE26K 9E35KsE36K9G22K9G33K9G23KsG25K9G26K9G35KsG36KsG55KeG66K s
3656KsD22K 9D33K 9 D44K 9¢D55K 9D 34K Q66K IR55K sCMK9B11K9B22K9B33KsB55K
4BO6K 9ZK sAL I3 A5 JsAESsBL4IsBSI9BEIsCLUIsCBI9CHI9DLI9sDSJIDEIIELIIESI S
SE6JeG4J9G5J9GEIsAMeBMyCMeDMEMsOMoP s AL 9BLsPL QL sRL 2 (SKA(TI)eI=195),
6(ELA(I)slI=195)

PI=3414159

TT(1)=0.

TT(2)=30.

TT(3)=45.

TT(4)=60.

TT(5)=90,

READ INPUT TAPE 591497

WRITEOUTPUTTAPE 69159 (A11K3A22K9A33KsA44KIAS5K 4A66KsC11KsC22K
1C33KsC12K s Cub4K 9C55K s COHO6K s CL5K 3C34K 4 C35KsE22K9E33K+E23K4ES55K9EL6K
2ES56KsE25K oE26K 9sE35K9E36K9G22K9G33K9G23K9G25K9G26K9G35K9G36KsG55K
3G6EK s G5EK oD22K s033K o 044K sD55K 9D364K s Q66K sR55K9sCMK9B11KsB22K9B33K
4BSSK+BOEK 92K s ALJsASIsA6I BG4I sBEIIBOIICEI9CEICOHIIDLIDEIIDEIIEL I
BESJsE6J9G4I9G5J9G6IsAMIBMICMyDMIEMeGMsP s AL sBLOPLsQLIRL 9 (SKA(T)
61=145)9(ELAILI)sI=145)eT)

DO 110 [=145

IF (TT(I)=T) 110+120,120

CONTINUE

GO TO 1000

IF (I=-1) 12241214122

SK=SKA(1)

EL=ELA({1)

GL=EL

GO TO 125

SK=SKA(I=1)+(SKA(I)=SKA(I=11)¥(T=-TT(I=-1))/2(TT(1)~-TT(]

EL=FLA(I=-1)+(ELA(TI)-ELA(I=1)1)¥(T=TT{I-1 1) /Z2(TT(])=TTI1]

GL=EL

T=T#P1/180.

S=P1/2e¢-P-T

CLK=SK*CMK/ (SK+CMK)

ST=SINFI(T)

CT=COSFI(T)

SS=SINFIS)

CS=COSF(S)

SP=zSINF(P)

CP=COSF (P}

DO 20 1=1423

OC 20 J=1423

A(I’J)zoo

~1))
-1))

20 B(IsJ¥=0,
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B(1y2)=AM+BM+CM+DM+EM+GM
B(1ls2)=BM+CM+DM+EM+CM
Bl(1le2)=(CM+DM+EM+GM)
B(1le7)=DM%ST

B(ls8B)=EM%RST

B(ly9)=GCM®ST
Blle27)=={(DM*QL-(EM+GM)*PL)I®CT
B(les28)=B(1427)
Bl1s29)1=B(1+27)
B(1e¢32)=B(1+27)
B(le23)==DM#QL*CT
B(2+2)=B(1+2)
B(2¢2)=CM+DM+EM+GM
B(2¢7)=DM#ST

B(2+s8)=EM*ST

B(2+2)=GM*ST
B(2+27)==(DMRQL-{EM+GM) #PL ) *CT
B(2+28)=B(2+27)
B(2+29)=B(2+27)
BiZ2e32i=B{2+27)
B(2¢23)==-DMRQL*CT
B(3532)=CM+DM+EM+GM
B(3¢7)=DM%ST

B(348)=EM#*ST

B(3+9)=GM%ST

B(3,27)=B(2+27)
B(3+28)=B(2+27)
B(2529)=B(2+27)
B(3+22)=B(2+27)
B(3+33)=-DM2QL*CT
Bl{44+5)=AM+BM+CM+DM+EM+GM
B(445)=BM+CM+DM+EM+GM
B(4e€)=CM+DM+FM+GM
B(4ys7)=DM®CT

B(4+8)=EMXCT

B(4s9)=GM*CT
Bl4e27)=BM*AL+(CM+DM+EM+GM} % (AL+BL )+ (DM#QL—(EM+GM ) #*PL ) #ST
B(4928)=(CM+DM+EM+GM) #BL+ (DM*QL~(EM+GM) #PL ) #ST
B(4+29)=(DM®QL- (EM+GM )} #PL ) %#ST
B(46+22)=B(4+29)
B(44933)=DM*QL*ST
B(545)=BM+CM+DM+EM+GM
B(5+6)=CM+DM+EM+GM
B{5+7)=DM*CT

B(548)=EMRCT

B(5+9)=GM®CT

B(5+27)2BMRAL+ (CM+DM+EM+GM) # (AL+BL )+ (DM%*QL~(EM+GM) #PL ) #ST
B(5928)=(CM+DM+EM+GM ) %BL+ (DM*QL~(EM+GM} #PL ) #ST
Bi529)=(DM®*QL~ (EM+GM | #PL I #ST
Bt5+22)=B(5+29)
B{5¢33)=DMRQL#ST

Bié6sé) =CM+DM+EM+GM
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B(EsT7)=DMXCT

B(6+8)SEMXCY

B{6+9)=GM®CT
Bl(6¢27)=(CM+DM+EM+GM) % ( AL+BL )+ (DM¥QL~(EM+GM) *PL ) ®ST
B(5+28)=(CM+DM+EM+GM) *( BL)+(DM®*QL-(EM+GM) *#PL ) #ST
Bl{6+29)1=B(5+29)
Bl6+22)=B(6+29)
B{6923)=DM*QL*ST

B(747)=DM
B(T¢27)=DM*®(AL+BLI®CT
B(T¢28)=DM*BL*LT

B(E+2)=EM

B(Bel6)=-EMARLH#CT
B(B8+s171=B(8416)
B(8,18)=B(8416)
B(8s20)=EMRRL #ST
B(8,21)=B(8420)
B(8,22)=B(8+20)
B(B8e2T7)=EM®(AL+BL)I*CT
B(8+28)=EM¥BL*CT

B{9+2)=GM

B(9916)=GM*RL*CT
B(9417)=B(9+16)
B(9+,18)=B(9416)
B(9+20)=-GM*RL*ST
B(9+s21)=B(94+20)
B(9422)1=B(9420)
B(9s2T7)=GM* (AL +BL ) *(T
B(9428)=GM*BL*_T
B(10+10)=AM+BM+CM+DM+EM+GM
B(10+11)=B(10410)=AM
B(10s12)=B(10,11)-BM
8(10413)=DM

B(10414)=EM

B(10,15)=GM

B(10s16)==B(2427)
Bl10e417)==B(24+27)
Bl10+18)==B(2+27)
B(10420)=—(BM*AL+ (CM+DM+EM+GM ) * (AL+BL) )~ (DM*QL~(EM-+GM) *PL ) #ST
Bl{10921)=-B(10+12)#8L~-(DM*QL~(EM+GM) *PL ) *ST
B{10+22)=-B(5429)
B(11s11)=BM+CM+DM+EM+GM
B{11+12)=B(11411)-~BM
B(i1+13)=DM

Billela)=EM

B(11415)=GM

Blll916)=~B(2427)
Bl1l1417)==B(2+27)
Bl{11+1B)1==B(2427)
B{11420)=—(BM*AL+ (CM+DM+EM+GM) * (AL+BL ) +{DM*QL—-(EM+GM ) *PL ) *#ST)
Bl11421)=-B(11,12)%#8L+B!110.22)
Bfl1,s22)=B(1Ce22)

10
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B(12+212)=B(11+12)

B(12+13)=DM

B8(12414)=EM

B(12+15)=GM

B(12,16)=B(10416)

B(1l12517)=B(10416)

B(1i2+18)=B{104:6)
B(12420)1=-(B(12+12)%(AL+BL)+(DM*QL-(EM+GM) %P ) %#ST)
Bl(12+21)=~(B(12+12)%BL+(DM®QL~-(EM+GM)*PL ) *#ST)
B(12+22)=B(11+22)

B(13,13)=DM

Bl13416)=DM*QL*CT

B(13+27)=B(13416)

B(13,18)=B(13+17)
B{13420)=~(DM*( (AL+BL }+QL%ST))
B(134,21)=—(DM*(BL+QL*S5T))

Bl13422)=-DM*QL*ST

Bllaela)=EM

Bllasl16)=-EMRPLECT

BliaysiT7)1=B(144916)

Bllas18)=B(14,16)
Bl{ltae20)==(EM*®(AL+BL-PL%ST))
B(l4,2))=~{EM*(EL-PL*ST}))

B(lg4e22 y=EMRPLRST

B{15+15)=GM

B(15416)=~GM*PLRCT

B(15,17)=B(154916)

B(15,18)=B{15416)

B(15+20)=B(14,20)

B(15+21)=B(14+21)

B(15+22)=zB(14422)
B(l16e16)=(A4J+B4GJ+C4J+{DSIH+ESI+GE I} HSTHSTH+(EM+GM) #¥RLERL+ (D4 J+EL I+
1G4 J+DMR*QL #QL+ (EM+GM ) #PLRPL)IRCTH(T)
B(l6+17)=B(16+16)-A4J

Bl16+18)=B(16+17)~B4J

B(16+19)=D4JnCT
B(16920)==~(DMRQL=(EM+GM)#PL ) * (AL+BL ) ¥CT~(D4J+ELI+GLI-D5J-EBJ-GE I+
1DMEQLRQL+ (EM+GM ) ¥PL#PL ) XSTHCT

Bl16e21)==( (DM*QL~-(EM+GM) ®PL ) ¥BLACT+ (D4 I+ELI+GL I-DSI-ES5IJ~G5J+DM*QL
1%QL+(EM+GM ) #PLRPL ) #STHCT)
B(l6¢22)=B(16+21)4+(DM®*QL~{EM+GM ) #PL ) #BL #CT
B(16923)=D5J%ST

B(16+24)=E5U%ST

Bl16+25)=G5J%*ST
Bl(16+26)=(E5J+G5J+(EM+GM ) #*RL*RL ) #ST
Blil7617)=BaJ+CaJt+(DSI+ESI+GSIIRSTRST+(EM+GM) #*RL¥RL + (DM*QL #QL +{ EM+
1GM #PLEPL+DLJ+ELI+GLI ) RCTHCT
B(17+18)=B(17417)=-B&J

B(17+19)=D4JnCT

B(17+201=B(16+20)

B(17+421)=B(16+21)

Bl17422)=B(16422)

11
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B{17+423)=B({16+23)

B(17+245=B(16424)

B(17+25)=B(16925)

Bli7+26)=B(16+26)

B(18+18)=B(17418)

B(18,19)=B(17,419)

B(184,20)=B(17420)

B(18+21)1=B(17,421)

B(18+22)=B(17422)

B(18+23)=B(17423)

Bl18+24)Y=2B(17,424)

B(18+25)=B(17425)

B(18426)=B(17+26)

B(19,19)=D4J

B(19420)==D4JnST

B(19+21)=B(19+20)

B{19+22)=B(19+20)
BlZ20s20)=BM¥ALXAL+B (1212 )% (AL+BL)I¥#2-B (10922 )% (AL+BL)I*2,+(EM+GM)*
IRL*¥RL+ (OMXQL*QL+{EM+GM) RPLR*PL +D4I+ELI+G4L4J ) RSTRSTH(DSJI+ESI+GH I Y RCTH
2CT+AS5J+B5J+C5 Y
Bl20+421)=B(11412)%(AL+BL)¥BL~B(10+22)1%#BL+(EM+GM)XRL*RL~-B(10+22)
1¥{AL+BL)+ (DMXQL*¥QL+ (EM+GM ) #¥PL¥PL+D4 J+ELI+GLI ) #STRST+ (DS JI+ESI+GS )
ZHCTHCT+B5J+CHY

B{20¢22)=(EM+GM ) *RL*¥RL-B(10422) % (AL+BL )+ (DM*QL*QL+ (EM+GM)%PL*P| +
ID4J+ELI+GL Y ) XSTHST+(DSJI+ESJ+GS5 IV #CTHCT+C5J

B(20423)=D5J%CT

B{20s24)=E5U%LT

B(20925)=GS5JU*(T

B(Z20s26)=((EM+GM) %*RL¥RL+ESJ+G5J) *#CT

B{21921)=(CM+DM+EM+GM) *BL*BL-B(10+s22)%#BL¥2 ¢+ (EM+GM ) *RL*RL+ (DM®QL*
10U+ {EM+GM I ¥PL XPL4ADLJHELI+G4 ) #STHSTH+(DSJIHESI+GS I ) RCTRCT+BSI+CSJ
B(21422)={EM+GM) *RL*¥RL-B( 10422 ) %#BL+ (DMH*QLX¥QL+ (EM+GM) XPLXPL+D4J+EL4U
1+4G4 S ) XSTRSTH+(DSJI+ESI+GSI ) *CTACTH+CS5Y

Bl21423)=D5J%CTY

BlZ1e24)=ES5U%(CT

B(21425)=G5U%CT

B(21+26)=((EM+GM) #*RLXRL+ESJ+G5J) *#CT
B(22,22)=(DM*QL*QL+(EM+GM !} #PL ¥PL+D4J+ELI+GLJ ) X¥STHSTH(DSI+ESI+GSJ)
1#CT®*CTH(EM+GM i ¥RL*RL +C5J

B(224+423)=B(21,23)

Bt(22+26)=B(21424)

Bt22+25)=B(21,25)

Bi22+26)1=B(21,26)

B(23423)=D5J

Bl24+24)=E5J

Bl24+26)=B124,24)

B(25425)=G5J

B(25+26)=B(25425)

B{26+26)=((EM+GM) %#RL*¥RL+ESJ+G5J)
B(27427)=BM*AL#AL+B(10512) % (AL+BL)I*¥%#2-B(10+22)* (AL+BL}*2++(DM*QL *
1L+ (EMAGM ) *#PL%PL+D6J+ELJ+G6J ) +A6 J+BEI+CEHI
Bi27¢28)=B(10412)#(AL+BL)*BL-B(10922)%#BL~-B(10922)*(AL+BL)+(DM*QL*

12




JPL TECHNICAL MEMORANDUM NO. 33-116

1L+ (EM+GM) *PL#PL+D6J+E6J+G6J) +B6I+C6J
B(27429)x-B(10422)%#(AL+BL)+DM*QL QL+ (EM+GM ) #PL®#PL+D6J+E6I+G6I+CEJ
B(27+30)=E6J

B(27+31)=G6J

B(27+32)=B(27+29)-C6J
B{27+33)=DM*QL* ((AL+BL)*ST+QL)+D6J
B(28+28)=B(10412)%BL¥BL-B(10+22)%BL%*2¢,+DM*QL*QL +(EM+GM)
1%#PL¥PL+D6J+E6I+G6I+B6I+C6J
B(28929)=-B(10922)#*BL+DM*QL*QL+(EM+GM) #PL*PL+D6J+E6I+GE6J+CHJ
B(2B4230)=E6J

B(28+21)=G6J

B(284932)=B(28+29)-C6J
B(28933)=DM*QL*(BL*ST+QL)+D6J
B(29¢29)=DM*QL*QL+(EM+GM ] *PL*PL+D6J+E6J+G6I+CHJ
B(29+30)=E6J

B(29+21)=6G6J

B(29+432)1=B(294+29)~-C6J
B(29+33)=DM*QL*QL+D6J
B(30+301=B(29,+30)
B(30+32)=B(30,30)
B(31¢311=B(29+31)
B(31+22)=B(31,31)
B(32+22)=B(29+32)
B{32+33)=8(29,33)
B(33+33)=B(29+33)

Aiiel)=A11K

Al2,2)=B11K
A(392)=C11K+CLK¥*2 o #SP#*SP
A(3,6)=C12K-2+#CLK®CP#SP
A(348)=-CLK*#SS*SP

A(349)=A(3,+8)
A(3429)=2#CLK*(PL+EL ) ®CS*SP
A(3+20)=CLK*EL®CS*SP
A(39321)=CLK%GL®CS*SP

A(3932)=2 #CLK*(PL+EL ) ®#CS5*SP
A(b44)=A22K

A(5,+5)=B22K
A(696)=C22K+2 ¢ #CLKH#CP*CP
A(6+8)=CLK®SS*CP

A(699)=A(6+8)
Al65929)==2¢#CLK*(PL+EL)*CS*CP
Al(6+30)=—CLK®EL®CS*CP
A(6931)==CLKRGL®CS*CP
Al6932)==2 o #CLK* (PL+EL ) *CS*CP
A(T+7)=D22K

A(Bs8)=E22K+CLK®*SSH*SS

AlBy14)=E23K

A(By18)=-CLK®RL*CP#SS
A(B422)=~CLK®RL®SP®SS

A(Bs24)=E25K

AlB926)==CLK*RL*CS*#SS
A(B929)==CLK*(PL+EL)*#CS#SS

13
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14

A(84+30)=E26K~CLK®ELX¥LCSHSS
A(B4232)=A(8+29)
A{999)=G22K+CLK*#SS*SS
A(9,5151=G23K

A(94+18)==-A(8,18)
A(9422)=CLK*RL*#SP*SS
Al(9425)=G25K

A(9426)==A(8+26)

A(9429)=A(8+29)
A(9931)=G26K-CLK*GL*CS*SS
A(9432)=A(9,+29)

A(106s10)=A33K

A(11,11)=B33K

A(12,12)=C33K

A(12418)=C34K

A(12,422)=C35K

A(13,13)=D33K

Al(13419)=D34K

All4as14)=E33K

All4e24)=E35K

A(14,430)=E36K

A{15415)=G33K

A(15¢25)=G35K

A(15431)=6G36K

All6s16)=AL4K

A(17417)=2K
A(18918)1=C44K+2 o #CLKX¥RL®#RL®¥CP®CP
Al(18922)=C45K+2 e RCLK*RLERLXSPXCP
A(18926)=2*¥CLK*RL®*CSHCP
Al18+30)=CLK*EL*RL*CS*CP
Al(18+31)=~CLKX*GL%*RL®*CP#*#CS
A{19,419)=Dgs4K

A(20420)=A55K

A(21,21)=B55K
A{22922)=C55K+2 e ¥CLK*RL*RLX*SP*SP
AlZ22426)=22 e %CLKH*RL*¥RL*¥CS*SP
A(22430)=CLKH¥EL*RL®CS*SP
A(22+31)=~-CLK*GLRRL*CS*SP
A(23423)=D55K

Al(24424)=E55K

Al(24430)=E56K

A(25425)=G55K

A(25431)=G56K
Al26926)=R55K+2 e ¥*CLK*RL*%RL*CS*CS
A{26930)=CLK*EL*RL*CS*CS
Al(26431)=~CLKEGL¥*RL*CS*CS
A(2T7427)=A66K

Al284+28)=B66K
A(290429)=CO6K+2+%#CLK®(PL+EL ) #X2%CS*CS
Al29430)=CLK*EL*(PL+EL)*CS*CS
A{29431)=CLK*GL*(PL+EL)*CS*CS
Al29932) =2 ¢ #CLK*(PLHEL ) #%#2%CSHCS
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41

43
47

44

45
48

49
50

25

30

A(30430)=E66K+CLKREL*EL®CS*CS
A(30¢32)=CLKREL*(PL+EL)*CS*CS
A(31931)=G66K+CLK*GLRGLXCS*LS
A(31422)=CLKRGL*(PL+EL)*CS*CS
Al{32¢32)=A(29432)
A{33,33)=Q66K

DO 25 1=1,33

DO 25 J=1+33

AllsJdY=—-Al14J)

DO 30 1I=1+33

DO 30 J=1ls!

A(losJ)=A(Js])

BlI44Y=B(Js1)

DO 50 1=1,23

IF (1-29) 41450443

M=1

GO TO 47

M=1-1

DO 49 J=1+23

1IF (J=29) 44448445

N=J

GO TO 48

N=J=1

A(MyN}=A(]1sJ)

B(MgNI=B(1sJ)

CONTINUE

CONTINUE

WRITE OUTPUT TAPE 79139 ((A(IsJ)eJ=1432)91=1+32)
WRITE OUTPUT TAPE Ts13s ((B(IsJ)eJ=1432)91=1+32)
WRITE OUTPUT TAPE 6911s((A(19J)9J=1932)9i=1432)
WRITE OUTPUT TAPE 6912+((B(19J)9J=1932)91=1,32)

GO 10 100

1000 CALL EXIT

10

FORMAT (6El2e4)

11 FORMAT ( S57THITHE ELEMENTS OF MATRIX A LISTED ROW-WISE ARE AS FOLLO
IWSes//7/77/9(6E2069))

12 FORMAT ( S7THITHE ELEMENTS OF MATRIX B LISTED ROW~WISE ARE AS FOLLO
1WSes//7/77/+16E2069))

13 FORMAT ((4E1649))

14 FORMAT ( F2.0)

15 FORMAT (32H1THE INPUT DATA FOR THIS CASE 1S¢///77/7+16E2049))
END

15
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2464
4418
0499
4604
-4457
=209
le62
1465
1.00
8.01
Te55
1¢26
le21
3¢40
1460
00
30
45
60
90
91

16

DATA

mmMmMmMmMMmMmMmMmMmMMmMmMMMm

1,30
558
3406
3e34
~3e¢35
~-4457
Be74
5,00
1450
Te67
506
130
1421
8,00
3470

[Sy—
D=L YNNI NOOMO® I~ DO

mmMmMmMmMmMMMMmMmMmMmMmMmMmmMmmMmmmMm

HOPNNNH I NINDOONY

130
7610
=783
125
2e14
3435
1432
le11
3632
4,06
8.50
3042
045236
3.40
572

mmMmmmmmmMmmMmmmmMmmmm

9 3.85
7 ~1e40
8 4,71
10 -3.,08
6¢15
3¢34
3627
4400
297
3,62
le26
lely
4400
107
1.31

O~NOWVMO~NYD®O = 0D

mmmMmMmMmMmMmMmMmMmMmMmmMmmMmm

QO N~ ~JBPOW NSO NN

Te78
910
2014
3e22
-4 004
1425
282
700
297
3400
1430
554
7480
2560
Ne00

mmmmmmMmmMmmMmmMmMmMmMMmMmmmm

12

[
=)

ONHPENNDOPOVO IN®

7«78
Te31
6615
“2009
3422
“3.08
177
1.00
1.23
4465
8+50
3.04
3.70
1.06
572

mmmMmmMmMmMmMmMmmMmmMmMmMmMmMmMmmMm

-
QOB N
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APPENDIX B

Fortran Program for Obtaining Eigenvalues and Eigenvectors of Original Problem

The program, written in Fortran for IBM 7090, can be
used for mass and stiffness matrices of order 30 or less.
The program does not require any tapes or sense switch
settings.

The input of this program should be compatible with
the Fortran statements:

READ INPUT TAPE 59000, N
READ INPUT TAPE 5,9990, ((B(I, J), J=1, N),
1=1,N)
READ INPUT TAPE 59990, ( (A(L, J), J=1, N),
I=1,N)

9000 FORMAT (7110)

9990 FORMAT (4E16.9)

where N is the order of the mass and stiffness matrices,
[B] is the stiffness matrix ([K] in the text and [A] in
the program given in Appendix A), and [A] is the mass
matrix ([M,] in the text and [B] in the program given
in Appendix A). The output of this program is the list-
ings of the eigenvalues and associated eigenvectors of
[K] and the original problem. The natural frequencies
are also computed in cycles/sec units.

This program calls a SHARE subroutine, EIGVV,
(Distribution No. PA-460 MI HDI 1), to perform the

successive rotations in diagonalizing [T(_] and [_Z\Za]
The listing of the calling program is given on the follow-

ing pages.

17
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* LISTS
* LABEL
C EIGENVALUE PROBLEM

DIMENSION A(50050)sB(50950)sU(50450)sT(50450)sVALU(50),LCOLI(51)
READ INPUY TAPE %49000sN
1 DO 100 I=1N
DO 99 J=1sN
All4J)=0,0
B(lsJ)=040
U(lsJ)=040
TtI+J)=060
99 CONTINUE
100 CONTINUE
DO 105 I=14N
VALU(1)=040
105 CONTINUE
L=1
DO 106 J=1450
LcorLtJy=L
L=L+1
106 CONTINUE
READ INPUT TAPE 549990+ ((B(IsJ)sJ=TeN 1sI=1sN )
READ INPUT TAPE 5+9990s({A(TeJ)lsJ=lsN Ysl=1oN )
9990 FORMAT(4E169)
3 K=1
DO 4 1=14N
DO 40J=K N
AlJs1)=A(1sJ)
40 CONTINUE
K=K+1
4 CONTINUE
9000 FORMAT(T7110}
9001 FORMAT(7F1047)
6 K=1
DO 7777 I=1,N
DO 7777 J=1sN
TT77T A(lsJ)==A(14J)
DO 8 1=14N
DO 7 J=K N
BlleJ)==B(IsJ)
BlJseI)=B(IsJ)
7 CONTINUE
K=K+1
8 CONTINUE
L=10
K=1
KPAGE=1
2000 WRITE OUTPUT TAPE 698000sKPAGE
WRITE OUTPUT TAPE 648004
WRITE OUTPUT TAPE 64+8002sNsN
WRITE OUTPUT TAPE 6£+8001+(LCOLIJ) 9 =KoL
WRITE OUTPUT TAPE 698003 {(A(IsJ)sJ=KseL)sI=10N)

18




200

201

2001

202

203

2100

210

211
2110

21
9100

20
30

34
35

IF(N-L)2015201+200
KPAGE=KPAGE+1

L=L+10
K=K+10

GO TOo 2000
KPAGE=1

L=10

K=1

WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT

IF(N~-L)203+203,202
KPAGE=KPAGE+1

L=L+10
K=K+10

GO TO 2001
CONT INUE

TAPE
TAPE
TAPE
TAPE
TAPE

698000 +sKPAGE

698005

698002 +NsN

68001 (LCOL(J)sU=KsL)
648003+ ((B(TeJYsJ=KelL}sI=1sN)

CALL SETUP(B+U+50450)
CALL EIGVV(BsUsVALUsN)

L=10
K=1
KPAGE=1

WRITE OUTPUT

WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT

IF(N~L)211+211,210
KPAGE=KPAGE+1

L=L+10
K=K+10
GO TO 2100
KPAGE=1

TAPE
TAPE
TAPE
TAPE
TAPE

6+80009sKPAGE

648007

6980029sNsN

698001 (LCOL(JY o JI=KolL)
6980039 ({U(TsJYeJ=KeL}eT=14N)

WRITE OUTPUT TAPE 6+8000sKPAGE
WRITE OUTPUT TAPE 6+8006
WRITE OUTPUT TAPE 6980035 (VALU(I)sI=14N)

DO 20 I=1,N

IF(VALU(I))21,20+20
WRITE OUTPUT TAPE 6+9100sIsVALU(I)

FORMAT(1HO+27THEIGENVALUE IS NEGATIVE

GO 70 1
CONTINUE

NO 35 I=1,sN
DO 34 J=1N
B(IsJ)=060
CONTINUE
CONTINUE
J=0

I=0

DO 36 K=1sN

I=91395X+s6HVALUE=9E1648)
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36

3010

3017
3018

3019
3020

3037
3038

3039
3040

3057
3058

3059
3060

3100

3090

3092

3091
3099

20

J=J+1

1=1+1
B{IosJ)=1,0/SGRTF(VALU(K))
CONTINUE

DO 3010 J=1N

DO 3010 I=14N
T(1eJ)=UlTsJ)RB(JyI?

DO 3020 I=1sN

DO 3018 J=1N

VALU(J) =0,

DO 3017 K=14N
VALU(J)=VALU(JII+T (14K )IH*U(JsK)
CONTINUE

DO 3019 J=1N
T(lsJ)=VALU(J)

CONT INUE

DO 3040 J=1sN

DO 3038 I=1sN

VALUITI)=0.

DO 3037 K=1sN

VALUCT I =VALULT)+T (1 +K)RA(Ks J)
CONTINUE

DO 3039 I=1sN
A(loJ)Y=VALULI)

CONTINUE

DO 3060 1=14N

DO 3058 J=1sN

VALU(J)=0,

D0 3057 K=14N
VALU(JISVALU(J)I+ALT JKI®RT(KsJ)
CONTINUE

DO 3059 J=1sN
AllsJ)=VALU(J)

CONTINUE

DO 3100 I=14N

DO 3100 J=1,N
AlToJ)=(A(T9J)+A(Js1)) /20
AlJsl)=A(1s)

CONTINUE

CALL SETUP (AsB950450)
CALL EIGVV (AsBsVALUN)
DO 3090 1=14N

DO 3090 J=1,N
T(IeJ)=A(14J)

PI=3,141593

DO 3099 I=1,4N

IF (-VALU(T)) 3091,3091+3092

Alls1)=14/(SQRTF(=VALU(I))%2,%P])

GO TO 3099
A(lsl)=~1e/VALU(I)
CONTINUE

L=10
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22

3078
3080
2400

240

241

CONTINUE

CONTINUE

WRITE OUTPUTY
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT

IF(N-L)241+241+240

KPAGE=KPAGE+1
L=L+10

K=K+10

GO TO 2400
KPAGE=1

K=1

L=10

GO 70 1

END

DATA

TAPE
TAPE
TAPE
TAPE
TAPE

6+8000+KPAGE

648010

6+8002+sNoN

698001 (LCOL(J)YsJ=KoelL )

698003 ((T(19J)eJ=KsL)sI=1sN)
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2200

220

221

8103

2300

230

231

8000
8001
8002
8003
8004
8005
8006
8007
8008
8009
8010
8011

3077

K=

KPkGE=1

WRITE OUTPUT TAPE 6+8000sKPAGE

WRITE OUTPUT TAPE 698009

WRITE OUTPUT TAPE 6+8002sNsN

WRITE OUTPUT TAPE 6980019 (LCOL(J)sJ=KsL)
WRITE OUTPUT TAPE 698003 ((B(IsJ)esJ=KsL)eI=1sN)
IF(N=L)221+221+220

KPAGE=KPAGE+1

L=L+10

K=K+10

GO TO 2200

KPAGE=1

WRITE OUTPUT TAPE 6+8000+KPAGE

WRITE OUTPUT TAPE 6,8008

WRITE OUTPUT TAPE 698003+ (VALU(I}sI=14sN)
WRITE OUTPUT TAPE 6981039s(A(191)sI=14N)

FORMAT (////7//77/+68H THE EIGENVALUES OF THE ORIGINAL PROBLEMS IN
1 CYCLES PER SECOND UNITSs///s(10E1243))

K=1

L=10

WRITE OUTPUT TAPE 6+8000+KPAGE

WRITE OUTPUT TAPE 68011

WRITE OUTPUT TAPE 69+8002sNsN

WRITE OUTPUT TAPE 698001 (LCOL(J) s t=KsL)
WRITE OUTPUT TAPE 6+80039s((T(IsJ)eJ=KslL)sI=19N)
IF(N=L)231+231+230

KPAGE=KPAGE+1

L=L+10

K=K+10

GO TO 2300

KPAGE=1

K=1

L=10

FORMAT(1H1+44X+32HTHE SYMMETRIC EIGENVALUE PROBLEM+20Xs4HPAGE,T14)
FORMAT(1HO»10(6HCOLUMNsI392X))
FORMAT(1HOs55X91393H BY»13)

FORMAT(10(1H +E104.3))

FORMAT (1HO+56X+8HA MATRIX)
FORMAT(1HO»56X+8HB MATRIX)
FORMAT(1HO+51Xs16HEIGENVALUES OF B)
FORMAT(1HO+51Xs17THEIGENVECTORS OF B)
FORMAT(1HO+51Xs16HEIGENVALUES OF Q)
FORMAT(1HO+51X9s17HEIGENVECTORS OF Q)
FORMAT(1HO 43X +32HEIGENVECTORS OF ORIGINAL PROBLEM)
FORMAT(1HOs56X98HQ MATRIX)

EIGENVECTORS OF ORIGINAL

DO 3080 I=14N

DO 3078 J=1sN

UlleJ)=0.

DO 3077 K=1sN
UlTeJd)=UlTsJ)+T(14KI%B(KosJ)

21




